gold-mining workers who were particularly liable to pneumonia and meningitis. Sir Spencer Lister discovered that there were several serological types of pneumococci, a fundamental finding on which was based the production of pneumococcal vaccines used on a large scale to protect the miners.
It was also found that there were several serological types of meningococci. Vaccines were prepared but not used extensively at that time. Meningococcal infections became a serious problem in the early stages of World War II when the South African Army was being mobilized. Outbreaks occurred in most camps, manifesting often as a fulminant septicemia with a profuse purpuric rash. At the Ladysmith Military Camp in 1940 it was shown that "sulfa" drugs, as well as being lifesaving in cases of meningitis, eradicated the infection when administered to the entire military complement.
The value of mass chemoprophylaxis was later confirmed in the United States. Many cases of staphylococcal and streptococcal septicemia proved fatal until the introduction of penicillin opened a new era in the treatment of many bacterial infections.
Plague, endemic in rural areas of South Africa, periodically has given rise to epizootics affecting gerbils, the natural reservoir of the infection, and has often caused outbreaks of human cases. Some patients developed septicemia associated with a hemorrhagic state; many had pneumonia and were the starting focus of clusters of pneumonic plague cases. In one Eastern Cape Province outbreak, all 22 individuals on an affected farm died of pneumonic plague. Since then, the therapeutic effectiveness of sulfadiazine and streptomycin and the tetracylines in treatment has been established and plague is no longer the highly fatal disease that it once was.
Among exotic conditions investigated at this time was "onyalai," a bleeding disease originally described as occurring in tropical Africa. Many patients were admitted to the Johannesburg Hospital with oral lesions associated with profuse bleeding. Patients often died from acute blood loss or cerebral hemorrhage. Once bleeding stopped, recovery was rapid. In several patients such symptoms followed ingestion of witch doctor medicine; profound thrombocytopenia was a characteristic feature and "onyalai" was considered to be a form of thrombocytopenic purpura secondary to exposure to an unidentified toxic constituent in the diet or medicine.
Relapsing fever was once widespread in South Africa and during World War II outbreaks occurred in several military camps. Many patients developed a severe form of the disease associated with hepatic abnormalities and a hemorrhagic state. On the other hand, relapsing fever is a cause of tropical thrombophlebitis which sometimes involves the visceral and cerebral veins. The infection has now been virtually eliminated from South Africa but remains endemic in Central Africa.
In the early years of this century a condition known as black fever associated with a high mortality rate was prevalent in rural districts of South Africa. The name was derived from the black appearance of the tongue and skin associated with petechial hemorrhages. Following introduction of the Weil Felix test in 1918 it was shown that this condition was typhus fever. Studies since then have revealed that four rickettsial diseases-epidemic louse-borne fever, endemic murine flea-borne typhus, the variety of tick-borne typhus known as tick-bite fever, and Q fever -are endemic in South Africa. Following the introduction of long-acting insecticides, louse-borne typhus fever has become a minor problem. However, tick-bite fever remains wide-spread; usually mild, the illness is more severe in elderly patients and may be complicated by a hemorrhagic state. Q fever is also common The classic prototype of a viral hemorrhagic fever is yellow fever, a disease feared for centuries. In the islands of the Caribbean Sea, epidemics often claimed thousands of lives, especially in military camps, as vividly described in the autobiography of Sir Harry Smith who took part in the Peninsular War. In describing a voyage to Jamaica he wrote, "Soon after we landed, the crew, all but one man, an old German carpenter, died of yellow fever and in the harbour commenced one of those awful visitations to the islands which swept off hundreds. The disease spread to our troops to an appalling extent. In six weeks we buried 22 officers and 668 soldiers. I resolved to move the 84th from Fort Augustus to bivouac at Stony Hill . . . So soon as they were ready I marched the Corps and from that day the yellow fever ceased." The camp in the hills of Jamaica still stands as a monument to the intuitive wisdom of this great soldier.
As is well known, the conquest of yellow fever began when the United States Army Commission showed that the disease was caused by a filter-passing agent transmitted by the mosquito Stegomyia fasciata. Eradication of this mosquito resulted in elimination of yellow fever from Cuba and then from the "seed beds" in the big urban centers in tropical America. Later it became apparent that yellow fever was endemic in the forests and there was no hope of eradicating the infection by mosquito control.
Fortunately Intensive studies to find the source of the infection are still in progress.
At the same time an extensive outbreak of Rift Valley fever occurred in South Africa. Seven fatal human cases were investigated; these patients developed a hemorrhagic state with profuse fatal gastrointestinal hemorrhage. Virus was recovered in mice inoculated with suspensions of the liver from three cases and identified as the virus of Rift Valley fever. In 1977 an extensive epizootic of Rift Valley fever in Egypt was associated with an epidemic affecting the human population; thousands of cases developed, and several hundred deaths occurred.
Cases of hemorrhagic fever now attract attention with increasing frequency and the help of the staff of the National Institute for Virology is often requested to determine their etiology.
BACTERIAL INFECTIONS
The most frequent cause of hemorrhagic fever remains the bacterial infections of which the most common is meningococcal septicemia. Several patients with staphylococcal septicemia were also investigated. One such patient, a 26-year-old female school teacher in Beira, Mozambique, received medication, later found to be barbiturates, for the relief of pain after dental work. She developed fever and petechiae, some of which coalesced into blood blisters. The patient was flown to Johannesburg and admitted to the Fever Hospital as a suspected case of hemorrhagic fever. Hematologic studies revealed a leucocyte count of about 1,000 with few neutrophil leucocytes present. Cultures of blood and blister fluid gave profuse growths of Staphylococcus aureus. She responded well to antibiotic treatment and her agranulocytosis, presumably the result of the administration of barbiturates, resolved.
Several patients with tick-bite fever, all of whom were suspected of possibly having one of the severe African virus hemorrhagic fevers, were admitted to the Fever Hospital. All had a profuse hemorrhagic rash; two elderly patients developed gangrene of their fingers and toes. The diagnosis in these patients was made after their admission to hospital, and although desperately ill by that time, most responded well to treatment with tetracyclines. However, one patient was moribund and died soon after admission. The serious nature of these patients' illnesses emphasizes a need for early diagnosis which usually has to be based on clinical findings. In some patients, the presence of rickettsiae may be shown in skin biopsies by immunofluorescence techniques originally described by Dr. T.E. Woodward in the diagnosis of Rocky Mountain spotted fever and Q fever.
VIRAL DISEASES
A 34-year-old athletic man, who had been traveling through the northern Transvaal and the south coast of Natal, became ill with high fever and died soon after being admitted to the H.F. Verwoerd Hospital in Pretoria, where he developed a hemorrhagic state with severe bleeding from his mucous membranes. Herpesvirus was isolated from his urine and blood cultured in hospital and then from postmortem organ specimens. Histologically there was extensive necrosis of the parenchymal cells of the liver which microscopically showed intranuclear inclusions typical of Herpes simplex virus infection.
A similar case involved a medical representative who had travelled through South Central Africa and was admitted to the Bloemfontein Hospital with a suspected diagnosis of African hemorrhagic fever. He, too, died soon after admission. The diagnosis of Herpesvirus infection was established, first by finding characteristic Herpesvirus particles on electron microscopy and subsequently by its isolation and identification in tissue culture. More recently, a woman in her sixth month of pregnancy was admitted to the Johannesburg Hospital in a hemorrhagic state from which she died and again Herpesvirus infection was identified in histological sections of her liver.
Herpes simplex virus infection is a well-known, often lethal infection affecting patients receiving immunosuppressive therapy or having immunodeficiency disorders. The occurrence of fatal cases in two previously healthy young men is somewhat unusual and suggests the infection may have been due to unusually virulent strains of virus.
Another patient, a 20-year-old Portuguese woman, was admitted to the Johannesburg Hospital a week after the onset of her illness in an incipient hemorrhagic state which then became full-blown. As she had been in contact with recent immigrants from Mozambique where a Lassa-like virus had been isolated from rodents, collected at Mopeia in the Zambesi Valley, she was placed in isolation with strict barrier nursing techniques. The patient eventually recovered, and laboratory tests showed an unusually high rubella antibody titer, suggesting that her illness was, in fact, rubella. However, liver biopsy revealed a picture of subacute active hepatitis. Patients with chronic active hepatitis have been found to have exceptionally high titers of antibody to rubella virus, the meaning of which remains an intriguing question. It is apparent from this account that the hemorrhagic state may result from a variety of infective agents, usually a severe infection with intense circulation of microorganisms and often extensive liver damage. Systematic consideration of the possible causes together with performance of appropriate laboratory tests usually have elucidated the etiology.
Many of these studies have been carried out in cooperation with the Yale Department of Epidemiology and Public Health. Indeed, this collaboration began during World War II and has continued to the present. The rubella unit in the laboratories of the Poliomyelitis Research Foundation was established with the help and advice of Dr. Dorothy M. Horstmann, a world-renowned authority on virus infections. More recently, the assistance of the Yale Arbovirus Research Unit was requested in the study of the Marburg virus outbreak in 1975 and most valuable advice was received; identification of this agent was carried out in the Center for Disease Control, which has now assumed responsibility for investigation of the dangerous African hemorrhagic fevers. 
